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Abstract of JP3290606 

PURPOSETo input sufficient signal light 
without long coupling length between a 
waveguide and a photodetector by providing a 
semiconductor light reception part above a 
specular surface fomned in the optical 
waveguide, and reflecting the incident light by 
the specular surface to receive it. 
CONSTITUTION:A waveguide core layer 22 
and a clad layer 23 are formed on a 
semiconductor substrate 21, and an n<+>-type 
InGaAs electrode contact layer 24, an n— type 
InGaAs light absorption layer 25, and a p-type 
InP electrode contact layer 26 are laminated 
on the clad layer. The end on the side opposite 
to the light incidence side of the core layer 22 
is eliminated to form a specular surfece M, and 
the light made incident on the waveguide is 
reflected by the specular surfeice M and is 
made incident on a semiconductor 
photodetector layer. Therefore, a sufficient 
optical signal is inputted to the photodetector 
without long coupling length between the 
waveguide and the photodetector, and a high 
quantum efficiency is obtained by reflection of 
the specular surface M. Production is easy 
because special technique is unnecessary. 
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1. TITLE OF THE INVENTION 

Optical Semiconductor Device 
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a waveguide core layer and a light confinement layer which 
are superimposed on a semiconductor substrate to constitute a 
waveguide; 

a semiconductor light-receiving element layer 
5 superimposed on said light confinement layer; and 

a mirror surface configured by removing the edge of said 
waveguide on the opposite side to a side on which a light is 
incident so as to form a surface inclined against said waveguide 
core layer for reflecting the light incident on said waveguide 
10 in a direction toward said semiconductor light-receiving 
element layer. 

2. An optical semiconductor device, comprising: 

a waveguide core layer and a cladding layer which are 
superimposed on a semiconductor substrate to constitute a 
15 waveguide; 

a mirror surface configured by removing the edge of said 
waveguide on the opposite side to a side on which a light is 
incident so as to form a surface inclined against said waveguide 
core layer for reflecting the light incident on said waveguide 
20 in a direction toward said cladding layer; and 

a semiconductor light-receiving element fixed to a 
position where the light reflected on said mirror surface on 
said cladding layer can be received. 

25 3. DETAILED DESCRIPTION OF THE INVENTION 
[Summary] 

The present invention relates to an optical semiconductor 
device suitable, for example, for constituting a coherent 
optical communication system, 

30 the present invention being directed to being capable of 

inputting sufficient optical signals from a waveguide into a 
light-receiving element without making a coupling length of the 
waveguide with the light-receiving element long in the optical 
semiconductor device, and further becoming capable of 

35 facilitating manufacturing thereof. 
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the present invention being configured so as to comprise: 
a waveguide core layer and a light confinement layer which are 
superimposed on a semiconductor substrate to constitute a 
waveguide; a semiconductor light-receiving element layer 
5 superimposed on the light confinement layer; and a mirror 
surface configured by removing the edge of the waveguide on the 
opposite side to a side on which a light is incident so as to 
form a surface inclined against the waveguide core layer for 
reflecting the light incident on the waveguide in a direction 

10 toward the semiconductor light-receiving element layer, or 
comprise: a waveguide core layer and a cladding layer which are 
superimposed on a semiconductor substrate to constitute a 
waveguide; a mirror surface configured by removing the edge of 
the waveguide on the opposite side to a side on which a light 

15 is incident so as to form a surface inclined against the 

waveguide core layer for reflecting the light incident on the 
waveguide in a direction toward the cladding layer; and a 
semiconductor light-receiving element fixed to a position where 
the light reflected on the mirror surface on the cladding layer 

20 can be received. 

[Industrial Applicability] 

The present invention relates to an optical semiconductor 
device suitable for use for example in constituting a coherent 
optical communication system. 

25 In the field of the communication technology, a current 

objective has been to increase speed, and coherent optical 
communication using an optical frequency modulation and phase 
modulation has been considered as one of predominant means. 

In the coherent optical communication, there is required 

30 a semiconductor light-receiving element that has high quantum 
efficiency, responses at high speed and inputs/outputs a large 
amount of light, and particularly when improvement in 
signal-to-noise ratio is intended by adopting a heterodyne 
detection system, a balance-type receptor composed of two PIN 

35 photodiodes is used, thereby requiring optical and electric 
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characteristics of these PIN photodiodes , namely semiconductor 
light-receiving elements, to be uniform in addition to the 
above-mentioned conditions, and for satisfying this 
requirement, it goes without saying that monolithic integration 
5 of the semiconductor light-receiving elements is effective, but 
integration also with an optical waveguide for inputting an 
optical signal into the light-receiving element, e.g. a 
semiconductor directional coupler, is preferable. 
[Prior Art] 

10 Although a technique of coupling an optical fiber with 

a semiconductor light-receiving element is currently in 
frequent use for inputting an optical signal into the 
semiconductor light-receiving element, in the case of using 
this technique, lights need to have the same phase at the portion 

15 where the optical fiber is coupled with the semiconductor 

light-receiving element and positioning of these to the order 
of two to three |Jia is thus necessary which requires a highly 
advanced technique . 

In order to solve this problem, a technique of using a 

20 semiconductor light-receiving element and a semiconductor 
directional coupler has been proposed. 

FIG. 24 shows a main part sectional side view for 
explaining a detector using evanescent coupling (evanescent 
detector) . 

25 In this figure, numeral 1 denotes an n-type semiconductor 

substrate, numeral 2 denotes a semiconductor waveguide layer, 
numeral 3 denotes an i-type light absorption layer, numeral 4 
denotes a p-type semiconductor layer, numeral 5 denotes a 
p-side-electrode, numeral 6 denotes an n-side electrode, and 

30 numeral 7 denotes an optical fiber. 

In this detector, the n-type semiconductor substrate 1, 
the i-type light absorption layer 3 and the p-type semiconductor 
layer 4 constitute a PIN photodiode, optical signals from the 
optical fiber 7 are inputted into the semiconductor waveguide 

35 layer 2, and optical signals leaked into the i-type light 
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absorption layer 3 while being propagated through the 
semiconductor waveguide layer 2 are detected. 

FIG. 25 shows a main part sectional side view for 
explaining a butt coupled detector. The same numerals as those 
5 used in FIG. 24 represent the same portions or have the same 
meanings . 

Also in this detector, the n-type semiconductor substrate 
1, the i-type light absorption layer 3 and the p-type 
semiconductor layer 4 constitute a PIN photodiode, and optical 
10 signals from the optical fiber 7 are inputted into the 

semiconductor waveguide layer 2, propagated therethrough, and 
then directly inputted into the i-type light absorption layer 
3. 

[Problem That the Invention Is to Solve] 

15 Since the optical coupling of the semiconductor waveguide 

layer 2 with the i-type light absorption layer 3 is weak in the 
detector using the evanescent coupling shown in FIG. 24, it is 
necessary to make a coupling length L long in order to 
sufficiently take optical signals. However, this makes it 

20 difficult to realize an optical semiconductor device with high 
quantum efficiency and low parasitic capacitance. 

In the butt coupled detector shown in FIG. 25, the optical 
coupling of the waveguide layer 21 with the i-type light 
absorption layer 3 is sufficient and an optical semiconductor 

25 device with high quantum efficiency and low parasitic 

capacitance can be obtained, but such a device is extremely 
difficult to manufacture due to its complicated structure as 
also apparent from the figure. 

The present invention is intended to allow inputting of 

30 sufficient optical signals from a waveguide into a 

light-receiving element without making the coupling length of 
the waveguide with the light-receiving element in the optical 
semiconductor device, and further to facilitate manufacturing 
of the optical semiconductor device . 

35 [Means for Solving the Problem] 
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FIG. 1 shows a main part sectional side view of an optical 
semiconductor device for explaining a principle of the present 
invention . 

In the figure, numeral 11 denotes a semiconductor 
5 substrate, numeral 12 denotes a semiconductor waveguide, 

numeral 13 denotes an i-type optical absorption layer, numeral 
14 denotes an n-side electrode, numeral 15 denotes a p~side 
electrode, numeral 16 denotes a mirror surface, and numeral 17 
denotes an optical fiber. 

10 In this optical semiconductor device, a PIN photodiode 

is configured on the semiconductor waveguide 12, and as shown 
with an arrow, a light incident from the optical fiber 17 on 
the semiconductor waveguide 12 is propagated through the 
semiconductor waveguide 12 to reach the mirror surface 16, 

15 reflected there and then incident on the i-type optical 

absorption layer 13. It is to be noted that, after separately 
producing a waveguide and a PIN photodiode, those may be 
integrally coupled with each other while keeping a prescribed 
optical relation. 

20 FIG. 2 shows an explanatory view for clarifying the 

relation between the incident light beam width and the reflected 
light beam width in the optical semiconductor device shown in 
FIG. 1, and the same numeral as used in FIG. 1 represents the 
same portion or has the same meaning. 

25 In the figure, symbol d denotes an incident light beam 

width, symbol t denotes a reflected light beam width, and symbol 
9 denotes an angle of inclination of the mirror surface 16. 

As apparent from the figure, t = d-tan 0, and t = d when 
0 = 45 degrees, whereby it is theoretically possible to reduce 

30 the light absorption layer length (corresponding to the 

coupling length L) in the light-receiving element to the same 
degree as the incident light beam width d. 

As thus described, the optical semiconductor device 
according to the present invention is configured so as to 

35 comprise: a waveguide core layer (e.g. waveguide core layer 22) 
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and a light confinement layer (e.g. cladding layer 23) which 
are superimposed on a semiconductor substrate (e.g. substrate 
21) to constitute a waveguide; a semiconductor light-receiving 
element layer (e.g. n-type InGaAs electrode contact layer, 
5 n-type InGaAs light absorption layer 24, p-type InP electrode 
contact layer 25) which is superimposed on the light confinement 
layer; and a mirror surface (e.g. mirror surface M) configured 
by removing the edge of the waveguide on the opposite side to 
a side on which a light is incident so as to form a surface 

10 inclined against the waveguide core layer for reflecting the 
light incident on the waveguide in a direction toward the 
semiconductor light-receiving element layer, or comprise a 
waveguide core layer and a cladding layer (e.g. cladding layer 
23) which are superimposed on a semiconductor substrate to 

15 constitute a waveguide; a mirror surface configured by removing 
the edge of the waveguide on the opposite side to a side on which 
a light is incident so as to form a surface inclined against 
the waveguide core layer for reflecting the light incident on 
the waveguide in a direction toward the cladding layer; and a 

20 semiconductor light-receiving element fixed to a position where 
the light reflected on the mirror surface on the cladding layer 
can be received. 
[Function] 

By taking the above-mentioned means, it is possible to 
25 input sufficient optical signals from the waveguide into the 
light-receiving element without making the coupling length of 
the waveguide with the light-receiving element long in the 
optical semiconductor device, so as to obtain high quantum 
efficiency due to reflection of a light by the mirror surface. 
30 Further, since no special technique is necessary in 

manufacturing this optical semiconductor device, it is possible 
to facilitate realization of the device, so as to simply perform 
inter-element separation and determination of element relative 
positions . 
35 [Embodiment] 



FIG. 3 shows a main part sectional side view of one 
embodiment of the present invention. 

In the figure, numeral 21 denotes a semi-insulating InP 
substrate, symbol 21A denotes a groove used in formation of a 
5 mirror surface, symbol 21B denotes an inclined side wall, 
numeral 22 denotes a waveguide core layer composed of a 
semiconductor thin film laminated body, numeral 23 denotes an 
n-type InP cladding layer, numeral 24 denotes an n-type InGaAs 
electrode contact layer, numeral 25 denotes an n-type InGaAs 

10 light absorption layer, numeral 2 6 denotes a p-type InP 

electrode contact layer, numeral 27 denotes a p-side electrode, 
numeral 28 denotes an insulating film composed for example of 
Si3N4, numeral 33 denotes an n-side electrode, numeral 34 
denotes an optical fiber, symbol M denotes a mirror surface, 

15 and symbol 9 denotes an angle formed by the mirror surface M 
against the waveguide core layer 22. It is to be noted that 
in the present embodiment, the n-type InGaAs electrode contact 
layer 24, the n-type InGaAs light absorption layer 25 and the 
p-type InP electrode contact layer 26 constitute a PIN 

20 photodiode, and the substrate 21, the waveguide core layer 22 
and the cladding layer 23 constitute the waveguide. 

In the present embodiment, an optical signal from the 
optical fiber 34 is incident on the waveguide core layer 22, 
propagated therethrough, reflected on the mirror surface M, and 

25 incident on the PIN photodiode. 

In the present embodiment, the technique conventionally 
in frequent use can be applied to facilitate manufacturing of 
a device with favorable characteristics. 

FIGS. 4 to 22 are views for explaining the case of 

30 manufacturing one embodiment of the present invention, FIGS. 
4 to 6, 8, 10, 12, 14, 16, 18 and 20 each shows a main part 
sectional side view, FIGS. 7, 9, 11, 13, 15, 17, 19, 21 and 22 
each shows a main part plan view, and in the following, 
descriptions are made with reference to these figures. 
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cf. FIG. 4 

4- (l) 

By application of metalorganic vapor phase epitaxy 
(MOVPE) method, on the semi-insulating InP substrate 21, the 
5 waveguide core layer 22 composed of a semiconductor thin film 
laminated body, the n-type InP cladding layer 23, the n-type 
InGaAs electrode contact layer 24, the n-type InGaAs light 
absorption layer 25 and the InP electrode contact layer 26, 
which is initially n-type, are grown. 
10 Principal data regarding each of the semiconductor layers 

in this case are exemplified as follows: 

1) Waveguide core layer 22 
Material : InP/InGaAsP 
Thickness : 1347 (A) /44 (A) 

15 Number of lamination: InP/InGaAsP x 25 

Xs: 1.13 (jjiu) 

2) Cladding layer 23 

Thickness: 6 (|Lim) 

Impurity concentration: 1 x 10*^^ (cm"^) (undoped) 
20 3) Electrode contact layer 24 

Thickness : 0.5 (|jia) 

Impurity concentration: 1 x 10^® (cm"^) 
4) Light absorption layer 25 

Thickness: 2 (|^) 
25 5) Electrode contact layer 2 6 

Thickness: 1 (|Ltm) 
cf. FIG. 5 

5- (l) 

By application of thermal diffusion method using ZnPa, 
30 Zn is doped to change the InP electrode contact layer 2 6 which 
was n-type at the time of growing, to p-type. It is to be noted 
that the type may be selectively changed to p-type. 

Conditions in the thermal diffusion are exemplified as 
follows : 

35 Impurity concentration: 1 x 10^® (cm*"^) 
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Thermal treatment temperature: 500 (°C) 

Thermal treatment time: 20 (minutes) 
cf. FIGS. 6 and 7 
6-(l) 

5 By application of resist process, vacuum deposition 

method and lift-off method in photolithography technique, the 
p-side electrode 27 is formed in the PIN photodiode. 

Principal data regarding the p-side electrode 27 is 
exemplified as follows: 
10 Material: Au/Zn/Au 

Thickness: 500 (A) /lOO (A) /2500 (A) 
cf. FIGS. 8 and 9 
8-(l) 

By application of chemical vapor deposition (CVD) method, 
15 the insulating film 28 composed of Si3N4 with a thickness of, 
for example, the order of 1500(A) is formed. 
8-(2) 

By application of the resist process in photolithography 
technique and reactive ion etching (RIE) method where an etching 
20 gas is CF4, the insulating film 28 is patterned and covers the 
p-side electrode 27, and the insulating film 28 is removed while 
the pattern is left as a mask for etching a PIN photodiode 
portion. 
8-(3) 

25 By application of CVD method, an insulating film 29 

composed of Si3N4 with a thickness of, for example, the order 

of 1000(A) is formed. 

8-(4) 

By application of resist process in photolithography 
30 technique and wet etching method using an etching solution 
composed of HF and NH4F in the proportion of 1 : 50, the insulating 
film 29 is patterned and covers the PIN photodiode portion, and 
the insulating film 29 is removed while the pattern is left as 
a mask for etching a waveguide portion, 
35 cf. FIGS. 10 and 11 
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lO-(l) 

By application of resist process in photolithography 
technique, a photoresist film 30 is formed which has an opening 
for forming a groove necessary for forming a mirror surface. 
5 cf. FIGS. 12 and 13 
12-(1) 

By application of active reactive ion etching (ARIE) 
method where an etching gas is CCI2F2, etching is performed so 
as to obtain the mirror surface M with an angle 9 of inclination 
10 against the waveguide core layer 22 being 45 degrees, 
cf. FIGS. 14 and 15 
14-{1) 

After removal of the photoresist film 30, a polyimide 
resin 31 is charged into the groove 21A for protecting the mirror 
15 surface M. 

In order to charge this polyimide resin 31, spin coating 
method is applied to evenly apply the polyimide resin, followed 
by etching of the extra polyimide resin by means of oxygen 
plasma . 
20 cf. FIGS. 16 and 17 
16-(1) 

By application of RIE method where an etching gas is SiCl4 
(CI radical) , etching is performed from the surface down to the 
substrate 21, using the insulating film 29 as the mask. 

25 The polyimide resin 31 is not removed by this etching and 

thus remains as it is, whereby most thereof except for a portion 
under the PIN photodiode is exposed, and FIG. 17 shows by a symbol 
31A the portion exposed on the face on the mirror surface M 
protected side. 

30 cf. FIGS. 18 and 19 
18-(1) 

By application of immersion method where an etching 
solution of HF and NF4F is prepared in the ratio of 1:50, the 
insulating film 29 used as the mask for etching the waveguide 
35 portion is removed. 
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18-(2) 

By application of resist process in photolithography 
technique, a photoresist film 32 for patterning the PIN 
photodiode portion is formed, 
5 18-{3) 

By application of wet etching method where an etching 
solutions are HCl :H3P04 (forlnP) and H2SO4 : H2O2 : H2O (forlnGaAs), 
etching is performed from the electrode contact layer 2 6 that 
remains on the surface of the waveguide portion down to the 
10 cladding layer 23, using the photoresist film 32 as a mask, 
cf. FIGS. 20 and 21 
20-(l) 

After removal of the photoresist film 32, by application 
of wet etching method where etching solutions are HC1:H3P04 (for 

15 InP) and H2SO4 : H2O2 : H2O (for InGaAs) , etching is performed from 
the electrode contact layer 2 6 down to the electrode contact 
layer 24, using the insulating film 28 covering the PIN 
photodiode portion as a mask. 

In this case, the mirror surface M is in no danger of being 

20 damaged by this etching since being protected by the polyimide 
resin 31, but a protection film may be formed in a different 
portion where significant inconvenience may occur. 
20- (2) 

By application of resist process, vacuum deposition 
25 method and lift-off method in photolithography technique, an 
n-side electrode 33 is formed in the PIN photodiode. 

Principal data regarding the n-side electrode 33 is 
exemplified as follows: 
Material : AuGe/Au 
30 Thickness: 500 (A) /1500 (A) 

cf. FIGS. 3 and 22 
22-(l) 

By application of etching method using oxygen plasma, the 
polyimide resin 31 is removed, 
35 Thereby, part of the groove 21A is exposed again. It is 
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to be noted that the figure shows by symbol 21B the inclined 
side face of the groove 21A. 
22- (2) 

Subsequently, the substrate 21 is polished as necessary 
5 to a thickness of, for example, the order of 200 |am, and cleaved 
to form a non-reactive coat film on the end face to be optically 
coupled with the optical fiber 34. 

Other than the embodiment manufactured by taking the 
above-mentioned processes, in order to protect the mirror 

10 surface M, the waveguide portion and other portions, it is 
arbitrary for example to coat the surface by the polyimide resin 
so as to form a substantially one surface with the PIN photodiode 
portion, or to evaporate Au, for example, on the mirror surface 
M to form a mirror film, or to make 9 larger than 45 degrees, 

15 e.g* 55 degrees. With 9 made large as thus described, there 
is an advantage in that, although the optical beam reflected 
on the mirror surface M expands, it becomes possible to apply 
wet etching method to etching at the time of producing the mirror 
surface M, so as to reduce etching time and thus facilitate 

20 production. Further, although the semiconductor thin film 
laminated body was used for the waveguide core layer 22 in the 
above-mentioned embodiment, the present invention is not 
limited to this, but for example, an InGaAsP layer with a 
thickness of the order of 1 to 5 |ain can also be used. In such 

25 a case, the PIN photodiode portion may be composed of an n-type 
InP electrode contact layer with a thickness of for example 0.3 
|am, an n-type InGaAS electrode light absorption layer with a 
thickness of for example 2 |Lim, and a p-type InP electrode contact 
layer with a thickness of for example 1 |im. 

30 FIG. 23 shows a main part sectional side view for 

explaining another embodiment, and the same numerals as those 
used in FIGS. 3 and 22 represent the same portions or have the 
same meanings. 

In the figure, numeral 35 denotes a conductive film, 

35 niomeral 3 6 denotes a bonding pad, numeral 37 denotes a PIN 
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photodiode, numeral 38 denotes a bump for flip chip bonding, 
numeral 3 9 denotes an adhesive agent, and numeral 4 0 denotes 
a conductive film. 

In the present embodiment, the PIN photodiode 37 and the 
5 waveguide composed of the substrate 21, the waveguide core layer 
22 and the cladding layer 23 are separately produced, and 
subsequently, the PIN photodiode 37 is bonded by means of flip 
chip bonding to the surface of the waveguide so as to receive 
a reflected light from the mirror surface M, and molded with 
10 the adhesive agent 39, which is then covered with the conductive 
film 40. 

In this case, an insulating adhesive agent having 
excellent light permeability is preferably used as the adhesive 
agent 39, e.g. an ultra violet ray curing type adhesive agent 
15 (Light-Weld 300 series etc. ) , manufactured by TOYO INK MFG . CO., 
LTD., is suitable and the conductive film 40 covering the 
surface of the adhesive agent can be formed by application of 
an Ag paste or the like, which is advantageous for cutting off 
noise . 

20 [Effects of the Invention] 

In the optical semiconductor device according to the 
present invention, a semiconductor light receiving portion or 
a semiconductor light-receiving element is provided on a 
waveguide formed on the mirror surface at the edge of the side 

25 opposite to the side on which a light is incident, so as to make 
the light incident on the waveguide reflected on the mirror 
surface to be incident on the light receiving portion or the 
light-receiving element. 

By taking the above-mentioned configuration, it is 

30 possible to input sufficient optical signals from the waveguide 
into the light-receiving element even without making the 
coupling length of the waveguide with the light-receiving 
element long in the optical semiconductor device, so as to 
obtain high quantum efficiency due to reflection of the light 

35 by the mirror surface. Further, since no special technique is 
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necessary in manufacturing the device, it is possible to 
facilitate realization of the device/ so as to simply perform 
inter-element separation and determination of element relative 
positions . 

5 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a main part sectional side view of an optical 
semiconductor device for explaining a principle of the present 
invention; 

10 FIG. 2 is an explanatory view for clarifying the relation 

between the incident light beam width and the reflected light 
beam width in the optical semiconductor device shown in FIG, 
1; 

FIG. 3 is a main part sectional side view of one embodiment 
15 according to the present invention; 

FIGS. 4 to 22 are each a view for explaining the case of 
manufacturing one embodiment of the present invention; 

FIGS. 4 to 6, 8, 10, 12, 14, 16, 18 and 20 are each a main 
part sectional side view; 
20 FIGS. 7, 9, 11, 13, 15, 17, 19, 21 and 22 are each a main 

part plan view; 

FIG. 23 is a main part sectional side view for explaining 
another embodiment; and 

FIGS. 24 and 25 are each a main part sectional side view 
25 of a conventional example. 

In the figures, numeral 21 denotes a semi-insulating InP 
substrate, symbol 21A denotes a groove used in formation of a 
mirror surface, symbol 21B denotes an inclined side wall, 
numeral 22 denotes a waveguide core layer composed of a 
30 semiconductor thin film laminated body, niomeral 23 denotes an 
n-type InP cladding layer, numeral 24 denotes an n-type InGaAs 
electrode contact layer, numeral 25 denotes an n-type InGaAs 
light absorption layer, numeral 26 denotes a p-type InP 
electrode contact layer, numeral 27 denotes ap-side electrode, 
35 numeral 28 denotes an insulating film composed for example of 
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Si3N4, numeral 33 denotes an n-side electrode, numeral 34 
denotes an optical fiber, symbol M denotes a mirror surface, 
and symbol 6 denotes an angle formed by the mirror M against 
the waveguide core layer 22. 
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An« cittt-^AL ( -r «d^f^A«« «. jisi- 
a s itt T «> « • 

A^ ^ as m T 911 T . 
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ScS (D IS »QJ»rffi!9 61 ^ U T . 

1 5 P «1tff . 1 6 1 7 tt*7 7 ^ 

i<D^^»*»aTtil:> «%M 1 2i:t;:p i a 

c Att-r * -5 « Tt> S»»<tp i 



?JriB-V3-290606(3) 
A>tt<fc -iC. L-d tan^.T 



pSI nPmfii3^'^^Mf25) fl 15 Sift 

»trAl^$n4 5fe*iinieitt||**iS3t3S5^Ji<o:^i^i 
Sl^ * 5 *c » K»a» 3 T Ji c W L b 
/iaotttr -5 K:i»K««»©*A<Alt$n«fll 

7 y Kl ( W;iWf^ 7 y KH 2 3 > i> »« 

$ ^ « A {I fir IB ai ift R 3 7 s d M M »f ffi « 

J; cifi^ia*ift»<Ojt*<Aat* ti^^H^S** 
Ji Jh n? « an T It $ tt * a * b » * iSt » k: 

■zh. »at»*><.»3feit^^-^^*tt*tt^s-^ A* 



ODSiiftt^HR lis I^^J^ttfS^^^li::?^^^* 5 A'v^ 
^. 

gI(;:«&v>T. 2 I I n p mm.. 2 1 

A \itmm^Bni'r^fR(zm\'^i^m^ 2 1 b ^tmi^ 

KrrTl. 23«:n - m. I n P 9 y Y M . 24 
an* gjl nGaAs v^'i^'Hi. 25 

n - SI n C a A s A^iRMk 2 6 p IB I n P 
V'^^S'M. 2 7l;tp mVtt. .2 8 

s i , M 4 «^ % 3 3 u: n mnm> 

3 4 ti^7 7 /^'x M;tliffi. 9 t;tSill[l^3 7 Jl 
2 2 cWLT:ilffiM;&<a-rftflt**n-F4l^LT 
*1I*«TW:. a I n G a A I « 

«=Iy^^^fi242iLI>'n' ainCaAsjtQt 
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-i»tt«ttn=i7i2 2 cAit^tiT^Mi.^ mm 

lf(4|Sli;bSm2 2 @|U:;4c^^'IIMi{N%li(ift'r 
£916181. 9I8BI. mioBi. ffi2ia. mi 

911 6BI> SB. 9 2 OHttKM^MW 

liia> mTS]. 911 IBs mi 3Bv 9S 

15Bn 9(1 7B> 9I19B> 9(2lB. 922 

B*#IWL-:>o»Rr** 



91 4 BI»M 

c vapor phase epitaxy 
: MOVPE) 
till [ n PIIII2 1 -bi:: 

^^a|<*7iWli«JI**-^'tt*aai»a7)i2 2. 

n-SSlnP^7yKlB23> 

n * fi I n G a A s V ^ hi 2 4 . 

n ' S I n G a A s ^f^JQlJi 2 5 . 

CD i»tt»3 r 1 2 2 K:'Ot>T 

Ut^ : InP/lnGaAsP 
J?:$: 1347 (A]/44(A3 
iftlSlE.* InP/lnC8AsPx25 
X 9 : 1 . 13 ( ^ m ) 



® ^^yKl23C-ol^T 
I* $ : 6 V P m ) 
:?=V6ft«at : I X 1 0 

try- K - r ) 

® 3>'j5';'H2 4iC':>v>T 

nt^ : 0 . S C ^ xn] 

T-»«J»« : I X 1 0 

® ^«i4Jll 2 5 ftdovv-c 

li:^? : 2 C j:/ m ) 

<S) ISfli 3 y iJ^ H 2 6 k:-:31^t 

Ht* : 1 ( /f 
95 B#R[l 
5 -(1) 

ZnP, *ffil^^^>*ttlftf*^iim'r i 3 i:^: 

M 2 6 ^ P ^^tr o P 

6^ k: o T t> ft t > . 



; 5 0 0 iT) 
*!i H IBl : 2 0 C ^ ] 
96 [2^C^97 Sl^li 
6-(l) 

7 ^ h • V ^ 7 7 ^ ttffi tC*^ * P :^ h 
fflt^w^tl«;*). p i n7^ h •i?''^:<"-K 

c;it^tfipa(!i^fii2 1 ^mnar^. 
^ r & i o a *j -c * s , 

UV^ : Au/Zn/Au 

li:$:500 CA]/100 (A)/2500 CA) 
9 8 B]^C'9 9 B^K 

8 -m 

{t^^tattem (chemical vapo 
ur deposition:CVD)?£*jS 

M-rsctt-**). s i> N4 t^^utm^m 
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a -(2) 

y * \ ■ y V 7 7 / m« » « »^ 5^ h 

*RJCtt-<:<*V'Xy-f'yj/ (r ea c t i v 
e ion etchingtRlE)^*ji 

*^T-:,-r. P ««« 27*811'^. pin 

B -(3) 

:t)^^«{:«»:^tiM;it;)! 1 0 0 0 (A)eiK<D«tt 
8 -(4) 

• r a -b XRDf X V ^ y H F : N H 4 F 



I 0 -0) 

•7;f h ' ^) V <r ^ y 4 t iy 7. h 

m I 2 Es&cf SIS 1 3 mmm 

1 2 - (1) 

Xy^Vl/'^X^CCla F. i:r^AR 
I£(active reactive io 
n etching) iiffl^ * w C *) \ 

2 1 A*f^J3Scr 
3( 1 4 MRZ^m 1 5 
1 4 -(1) 

j!§3 1 *^i»r ^» 



3 CD -^f 5 K ttt BS 3 1 * ^ « f s c a . 

i» 1 6 ^Rv^jR 1 7 a#nEi 

1 6 - (1) 

Htm 2 9 ^7:;^ ^ t $Lmi^^ ^^WL2 1 (Ctf 
* X V ^ V * ?f -5 . 

- cDx V ?':/^ctfe-,Ttt> * 'J 5 ymm 

7@lt::«. jftffiM^ UX^^ 

X A 

« 1 8 siRo"* 1 9 m^m 

I 8 - (1) 

Xy^^'j^M^HFiNH. F-l:50i 



©X V f- y^-$lT-^ iJ* i UXffli^^fcft 

»illSI 2 9 ^K^£r 
1 8 - (21 

7 ^ h • ^) V ^ y y ^ ^\^(^1i^^f >' :^ h 

1 8 - (3) 

X y ^ y ^ ffll ^ 
HCl:HaP04 (InPffl) 
H. S0« :H. 0* ;H« 0 (InGaAsJB) 

xg|-irft»IB5}-©^ffii^«^Xt^51£a3 y^>> 
hl2 5A^^?^7v KJi23t::jtr4x-y^y 
« if ^ . 
m2 0 Sl&z>'lfl2 1 a#Ri 

2 0 - CD 

h - l-i^X hlft3 2*M^^UXA^(5i. X 
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HCl:H,PO* (InPffl) 

H. SO4 :H, O, :H, O(InCaAsffi) 

Cte*). p I n y y ' ^ ^ ^ - V9»^^m^ 
Tl>«lftl»IS2 S ^ -7 X ^ t LT'VLm:^ ^ 
H 2 6 *>^>«ai3 y^f^; hm2 MZj^T 

« * * .k 5 « i i ^ frl tt«fl|JR JB/fi f 
2 0 - G) 

7 j«- h . V V ^ 7 S^#^rj!f^^t * u ;^ h 



?Sra¥3-29060G (6) 

^^N:AuGe/Au 

J?$;500 eA)/l500 [A] 
9S 3 2 2 

2 2 - CD 

cnr. »2 1 A<D-»*<iia!aiffi$nft. 

rSl. ia(;:u:^2 1 A(::»t(t«f9l^l.^liS«l8 
^ 2 1 B-CH^LT**. 

2 2 - (2) 

ZOik. tfi£'«CJ6LJT»« 2 1 ^efffb. if: 
$jO<9(}ltf2 0 0 C ^ m 3 IftK ^ )SC « J; ^ ^li 

fin ifi St !« /i XS * K T Wife $ +1, 5 Hil^ ® 



«A»=i 7 V 2 2 (w#«{«c9it||a#:^Mb^/^i»<> 

Cx/ml-^S C//m)^JJ©InCaAsPJi* 
fflt>*Zit>-?f*«. p i n7;<- h ' 

^^-i^-KWfl'tt. ffS«;tfctO. 3 (Mm)? 

2 (^tm) -C*)*© - SlnCaAs3felftiRJl. 

9(2 3iattMl0|g)ttW^St!l|f ^^(DlEIB^Vf 

«afiBl*:3lL.. »3IgI7b^m2 2Bll:^^^.^TfflU 



j!'' • K . 3 7 W: P i n 7 ;^ ^ • ^' 3|- — K . 

3 3 « 7 y 7' • f- V r • r >' ^ ® ft <?> 

3 9 ttHI^W. 4 0 ii*«l»*'tH-rn^ 

L T !/> ^ ♦ 

S«2 U ilifta =17)12 2. 
7 V Kl 2 3 *>4?«^l|Jft»<i: p i n 7 ;t h • 
- K 3 7 ^JillflBCcfti^L. ftt's IftEM^ 
^» ©Rlt^t^S^ UW^cfc^dp i n7:r h - ^ 

»«JPI(Lieht-WeI<i 300>'')-X 

4 OKAg-:-::^. V LXMHir & Z t 
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« » A It * n 4 ^fe * Sr « ffi -r S « 5 -fr iS S 



?i|jB¥3-290B0G(7) 
4 3t^llWi^!a!t^*^tt4Alf5tt:-.A*iiRit^ 

msm. Kiogi. 1^120. mi 4^. m 
1 6 SI. « 1 8 gi. m2 0 lattseaK^tffflBsis. 
317 ft 9 a. mi L Bi. » I a a. mi 5 09. 
1I17B1. rnisa. m2 isi. ai22ia«:«» 

^m'^m^i^. 92 4isrA.a'ff 2 sbki^^mcd 

iafr^l*t^T> 21 tt^lftUt* I n P««. 2 I 

A»:j|iiiii«^iii-rs(i(rfflt'yi:jii. 2 IB ^mm 

»37l. 23ttn - SlnPjf^yKls 24 
ttn* SlnCaAsma^X^^i^Hi. 2Stt: 
n - SI I n G a A s ai1b«4ZllH 2 6 p £ I n P 
^ftn y>sr p. ji^ 27lip«l|«s 28ttW;i 



3 4t4*7T-f><. Mttttm. »w:««»3rni 

2 2tc:WL'catBM*<a:f^iaE*-tn'rn^LT: 

*taA^a± « i& w ^ 
Kmj<^m± a a a - 




— n 



it « ^ It II CO 8 ffi n Iff 0kl a QB 

« i 121 




IK 2 Bl 



-31- 



?»Bn¥3'2aOGO(5 (8) 



24 ^^Ov 



28 27 

25 2S^^( / 




« n 9i K A w a> 9 9 ff) tfr 111 V a 

« 3 El 



^23 
\22 



I « R flf tr as a * 41 » (* It ■ CD SFID » » «l « » 



3-21 



« 5 



« 4 09 



.26 
25 
-24 

22 





>• 


-y 


n- 



















26 
'25 
-24 

23 
-22 



— 21 



Ift 6 [21 




« 7 B 




« 8 




Sft 9 El 



p-- 




X 8 V 0f R i:r ^ 4^ « i« V CD K ffi tQlf! W B) HB 

« I0I2I 
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29 30 27 28 30 




X ft V JPr 1^ 0^ t7 e> ^ ^ « f» 8 ■ (D B » 7 fi B 
^ I I 



30 29 28 27 21 A 




X 8 s I9f c: 1^ ^ ^ » ii ■ V SI «1 Ir fli ■ n 

m\2m 



nRB¥3-290eoe (9) 



29 30 27 28 21A 30 




« 1309 




T««jircA$(te)^^9f«iia<oKtfnifffliiH 
ft I4IZI 



27 23 31 




--26 



X « » Hr i:: ^ (7 d 3V • i« » ■ a> S w If B 



« 15 




X IS V W t: 8$ it- • (« » ■ OD K « n K « ■ H 



^ 1612 



21-- 




31A 
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?4na¥3-anoGOK (lo) 



21- 




r — 32 



31A 



td 27 31 




3—21 



«20; 
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X IS S nf C 1 1 2> 4i 41 « ■ K W B 




21 



X e s m c IS 4 :r d )^ « i» s 0) 9 s ¥ B IS 



«22 




7 



«24 



-1 

■6 



IB CDXlBn IE MIS 9 »» (OS S (Off « ■ H 



«23 



«25ia 
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